Tokyo Chemical Industry Co., Ltd. N,N'-Dicyclohexylcarbodiimide (DCC), 1-hydroxybenzotriazole (HOBt), NaOH, acetic acid, and sodium acetate were purchased from Nakalai Tesque, Inc. 3-Mercapto propionic acid was purchased from Sigma-Aldrich Co. Acetone was dried with 3Å molecular sieves overnight prior to use. Dry solvents were purified by passage through solvent purification columns containing activated alumina. D 2 O was purchased from Cambridge Isotope Laboratories, Inc. and distilled prior to use in time-conversion experiments.
All chemicals except monomers and α-CD were used as supplied. Monomers were purified to remove inhibitors prior to use. Acrylamide (AAm) was recrystallized from water. Acrylic acid (AA) and N,N'-dimethylacrylamide (DMA) were purified by distillation at reduced pressure.
Measurements and procedures.
The 1 H NMR and 13 C NMR spectra were recorded at 600 MHz with a VNS 600 NMR spectrometer, 500 MHz with a JEOL JNM-ECA 500 NMR spectrometer and at 300
MHz with a Varian Mercury 300 NMR spectrometer. Positive-ion matrix-assisted laser desorption ionization time of flight (MALDI-TOF) mass spectrometry experiments were performed on a BRUKER autoflex TM speed MALDI-TOF system calibrated by dihydoxybenzoic acid (DHBA) and peptide standard (Aldrich).
Gel permeation chromatography (GPC) was performed in 10 mmol LiBr in formamide 
Preparation of single crystals of α-CD-N,N'-dimethyl acrylamide complex
To 5 were dissolved in acetate buffer (4 mL). After three successive freeze-and-thaw cycles, the Schlenk flasks were subsequently immersed in an oil bath at 45 °C, and the polymerization was allowed to proceed for 24 h before being quenched with by immersion in MeOH/dry ice bath. The resulting solution was purified by reprecipitated in MeOH three times and dried in vacuo. The resulting polymer was characterized by 1 H-NMR and GPC (respect to PAAm standard).
Aqueous polymerization of Acrylic acid (AA)
α-CD-CTA (0.01 mmol) and VA-044 (1.30 mg, 4 μmol) were dissolved in freshly distilled water (2 mL) under Ar atmosphere. After adding acrylic acid (140 μL, 2 mmol), the solution was degassed by two successive freeze-and-thaw cycles. The schlenk flasks were subsequently immersed in an oil bath at 45 °C, and the polymerization was allowed to proceed for 24 h before being quenched by immersion in an MeOH/dry ice bath. The resulting solution was freeze-dried to obtain the crude polymer. The crude polymer was dissolved in MeOH (8 mL), then reprecipitated in diethyl ether (80 mL) for three times and dried in vacuo. The resulting polymer was characterized by 1 H NMR
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and GPC (respect to PSSNa standard).
Aquaous polymerization of N,N'-dimethylacrylamide (DMA)
The polymerization of DMA was carried out in an analogous manner to that of acrylic acid using DMA (205 μL, 2 mmol). After freeze-drying the reaction mixture, the crude polymer was dissolved in DCM (8 mL), then reprecipitated in diethyl ether (80 mL) three times and dried in vacuo. The resulting polymer was characterized by 1 H NMR and GPC (respect to PAAm standard).
Time-conversion measurement
The entire solution was diluted 4 times to slow down the polymerization rate 
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Preparation Preparation of 3-(benzylthiocarbonothioylthio)propanoic acid (CTA-COOH).
CTA-COOH was synthesized in a similar manner as described in [1] . To a stirred suspension of K 3 PO 4 (4.0 g, 18.8 mmol) in acetone (10 mL), 3-mercaptopropionic acid (821 μL, 9.43 mmol) was added and stirring for 10 min. CS 2 (1.7 mL, 28.3 mmol) was added and the solution turned bright yellow. After stirring for 20 min, benzyl bromide (1.13 mL, 9.43 mmol) was added and an instant precipitation of KBr was noted. After stirring for 30 min, the solvent was removed under reduced pressure and the residue was added to brine (100 mL) and extracted with CH 2 Cl 2 (2 × 125 mL) washed with brine (2 × 50 mL). After drying of the organic extracts over MgSO 4, the solvent was removed under reduced pressure. The residue was dissolved in ethyl acetate and precipitated in hexane to furnish CTA-COOH as yellow powder. Yield: 2.22 g (87%). 1 H NMR (500 MHz, CDCl 3 , 25 C): δ= 7.38 (2H, t, Ph (m-)), 7.34 (2H, ttt, Ph (o-)), 7.29 (1H, ttt, Ph (p-)), 4.68 (2H, s, -S(CS)S-CH 2 -Ph), 3.54 (2H, t, J = 6.9 Hz, -CH 2 -CH 2 -S(CS)S-), 2.68 (2H, t, J = 6.9 Hz, HOOC-CH 2 -CH 2 -).
Figure S1:
1 H NMR spectrum of CTA-COOH (500 MHz, DMSO-d 6 , 25 C) Table S1 : The HPLC gradient program for the preparation of -CD-CTA and β-CD-CTA
The flow rate was 16 mL/min.
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Preparation of α-CD-CTA.
To a solution of 3-NH 2 -α-CD (400 mg, 0.41 mmol) in dry DMF (5 mL) in an ice bath, mixture of CTA-COOH (145 mg, 0.53 mmol), DCC (111 mg, 0.54 mmol), and HOBt (73 mg, 0.54 mmol) in DMF (3 mL) was added and stirred 6 h at room temperature then 2 h at 50 °C. The reaction mixture was centrifuged and the supernatant was reprecipitated in acetone (40 mL). 
